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~taphyloeoccus aureus st ra in  V8 pro tease  is a ser ine endopep l idase  which c leaves pept ide bonds  at the  carboxy i  s ide o f  G lu  and  Asp.  Specific c leavage 
at G lu  has  prev ious ly  been ach ieved  in ammonium b icarbonate  whereas  ~n sod ium phosphate  c leavage at both  G In  and  A~p was ob~rved .  However ,  
it is shown here  Iha! b icarbonate  does  not  restr ict the specif icity to G lu -X  bonds ,  il s imply  inh~bits the enzyme.  The  degradat ion  o f  a mixture  o f  
oxid ized insul in and  g lucagon proceeds  s imi lar ly  in the  two buffers,  a l though |as ter  in phosphate .  
Slal~vlococcus aurcu.~; Protease;  ScriBe endol~ept idase:  Specificity; Amino  acid sequence  analys is  
!. INTRODUCTION 
A ser ine  endopept idase  f rom Staphy lococcus  aureus  
s t ra in  V8 ,  f i r s t  i so la ted  by  G .R .  Drapeau [ ! ]  i s  w ide ly  
used  fo r  f ragmentat ion  o f  p ro te ins ,  p r io r  to  amino  ac id  
sequence  determinat ions ,  due  to  i t s  spec i f i c i ty  fo r  G Iu -X  
and  Asp-X  pept ide  bonds  [2 -4 ] .  Ear l ie r  invest igat ions  
[2 ,3 ]  have  ind icated  that  the  spec i f i c i ty  o f  th i s  endope l> 
t idase  i s  dependent  on  the  buf fe r :  in  ammonium b icar -  
bonate  (pH 7 .8 )  o r  in  ammonium acetate  (pH 4 .0 )  on ly  
G lu -X  bonds  were  c leaved  wh i le  in  soc l ium phosphate  
(pH 7 ,8 )  G Iu -X  as  we l l  as  Asp-X  bonds  w~re  hydro ly -  
zed .  Fur thermore ,  monova len ' ,  an ions  have  been  shown 
to  inh ib i t  the  S. aureus  s t ra in  V8  pro tease  [5] .  
In  the  present  communicat ion ,  i t  i s  shown that  the  
enzyme c leaves  approx imate ly  3000- fo ld  fas ter  a t  G In  
as  compared  to  Asp  in  o therw ise  ident i ca l  sy t~:hef i c  
subst ra tes ,  essent ia l l y  independent  o f  the  buf fe r .  The  
e f fec t  o f  ammonium b icarbonate  and  acetate  i s  on ly  
inh ibHory .  
2. MATERIALS  AND ME' [HODS 
2.1. Materials 
Staphylococcus aureus stra in  V8 pgotease was  f rom ICN B iomedi -  
Abbrev~l~ons :  AIBz. o -a rn inobenzoy l  (ant~rani loy l ) ;  CAPS ,  3-<cyclo- 
hexylamino)propan~sulpbo~nic a id; CHES.  2-(cy¢lohexyla-  
mi~okthanesu lphon ic  a~-id: TFA.  t r i f Iuoroacet ic  acid. 
Correspondence address: K.  Breddam.  Car l sberg  Laboratory ,  ID~parl- 
meat  o f  Chemis t ry ,  4:]1. CarlgbeTg Vej 10. DK-2300 Copenhagen 
Valby.  Denmark .  Fax ;  (4~) 3121 1366. 
cals  Inc.,  I l l inois, USA.  The  internal ly  quenched f luorescent subst ra tes  
ABz -A Ia -Phe-A la -Phe-X-Va l -Phe-Tyr (NO2) -Asp-OH where  X = Asp  
or  G lu  was a gift f rom Dr.  Mor ten  Mc lda l ,  Car l sberg  Laboratory .  
Porc ine  g lucagon and  insul in was  a gift f rom NOVO NORDISK .  
Denmark .  Insu l in  was  oxidized by perforrn ie acid as  descr ibed by H i ts  
[6], lyophi l i z~!  and  the mix ture  used directly for  the  d igest ion studies.  
2.2 En?yme oyiy;a.vs 
Enzymat ic  hydro lys i s  o f  the in t ramolecu lar ly  quenched subst ra tes  
was  per fo rmed as  prev ious ly  descr ibed [7]. The  subst ra tes  were dissol-  
ved in d imethy l fo rmamid¢  and  50/z l  was  added to 2450 /J| buf fer  
so lu t ion ,  and  the initial f luorescence measured ,  V8 protease,  d issolved 
in water ,  was  added.  The  emiss ion  at 420 nm upon exc i tat ion at 320 
nm was  fo l lowed with t ime unti l  hydrolys i~ was complete ,  k~l /K ,  was  
de le rmined  f rom initial rates us ing  the  relat ion k~,/K,, = Vd(S.E.,) 
which is val id at , t  o << Kin. The  va lue l isted is aB average of: ,  m in imum 
of  two va lues  vary ing  less than  5~,  obta ined  at two subst ra tc  oncen-  
t rat ions ,  typical ly a round 0.1 pM and  0.2 ~M~ to ensure  the val id i ty 
o f  ~he equal io l , .  The  iDflu¢~ee o f  ~mions on  the act iv ity o f  V8 pro tease  
was fo l lowed us ing  the  synthet ic  subst ra tes  in 50 ml~,i HEPES and  
d i f ferent  concent ra t ions  o f  an ions ,  pH 7.8. The  pH-depend~nc~ ~,-; the 
activi_ty was  s imi lar ly  invest igated us ing  20 mM buffer ,  0.1 M NaCL  
The  fo l lowing buf fers  were used: fo rmic  acid p t l  3.4--4.2; acetic acid, 
pH 4.2-5~5: MES,  pH 5.5-~5.8; HELVES, pH 6.~-7.7;  I$ ICINE,  pH 
7.7-g.7;  CHES,  pH 8.7-9.4;  CAPS,  pH 9.4-10.5.  
Enzymat ic  hydro lys i s  o fg lucagon and  ox:~dized insul in  was  fo l lowed 
hy HPLC.  The  pep l idcs  were d isso lved in 6 M urea  and  d i luted to 2 
M urea w i th  buf fer  to  f inal subst rat¢  conc~ntnt t ions  o f 0.4 mM each.  
The  buf fe r  was  e i ther  sod ium phosphate  o r  ammonium b icarbonate ,  
co~ta in ing  EDTA.  Enzyme,  d isso lved in water ,  was  added at concen-  
t ra t ions  o f  0.001 mg/mi  or  0.2 mg/mL The  buf fe~ wege ei ther  30 mM 
sod ium phosphate .  1.2 M urea.  2 ml~l EDTA,  pH 7.g o r  60 mM 
ammoniuTn  bit :arbop~te, ! .:2 M urea.  2 ml~ EDTA,  pH 7.8. D ic t ion  
was  fo l lowed wi th  t ime and  tBe hydro lys is  p roducts  separated  on  a 
reverse phase  C , , - co lumn f rom Vydac  employ ing  a 50 rain a~ton i t r i l c  
grad ient  f rom 5 to 45% in 0 .1~ TFA.  C leavage  I~oducts  were identi-  
fied by amino  acid ana lys is  af ter  hydro lys is  in 6 N HC! or  N - te rmina l  
amino  ac id sequence  determin ,  t ions.  
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Fig. I. pH-de lx 'ndcnce  of  xhc hydro lys is  of  ABz-A la -Ph¢-A la -Phc -  
G lu -Va l -Phc -Tyr iNO: ) -Asp-Ot |  by S. aura ,us  strain V8 protca~c+ I:or 
fur ther  del:,i ls see sozl ion 2.2. 
3. RESULTS AND DISCUSSION 
The pH-dependence  o f  the hydro lys i s  o f  ABz -A la -  
Phe-A la -Phe-G lu -Va l -Phe-Tyr (NO~)-Asp-OH by A'. au- 
reus  stra in  V8 proteasc  was be l l - shaped wi th  an opt i -  
mum at pH 7.2 (F ig.  I), apparent ly  dependent  on two 
ion izab le  groups  in the enzyme with pK ,  va lues  o f  5.8 
and  8.4. This  is in cont ras t  o ear l ier  invest igat ions  with 
hemoglob in  as subst rate :  two  pH-opt ima at  pH 4.0 and  
pH 7.8 [ i ]  were found and  this cou ld  be due  to  an  effect 
o f  pH on the hemoglob in  subst rate .  For  the subsequent  
studie,~ a pH o f  7.8 was  chosen  to  a l low compar i sons  
with ear l ier  invest igat ions  in Ih¢ l i terature.  
Ear l ier  repor ts  [2,5] have ind icated  that  S. aureu .s"  
stra in V8 protease  is inh ib i ted by  monova lent  an ions .  
Th is  inh ib i t ion  by ch lor ide ,  acetate  and  n i t ra te  was  con-  
f i rmed using ABz-A la -Phe-A la -Phe-G lu -Va l -Phe-  
Tyr (NO~)-Asp-OH as subst ra te  and increas ing  concen-  
I ra ! ions  o f  an ions  (F ig.  2B). P resumably ,  the inh ib i t ion  
is par t ia l l y  due  to  ionic  in teract ions  be ing  impor tant  for  
the in teract ion  between enzyme and subst ra te  and  such 
in teract ions  are adverse ly  af fected by increas ing  ionic 
s t rength.  However ,  in add i t ion  it was  found that  phos -  
phate  and  sul fate had  an  act ivat ing  effect on  the enzyme 
(F ig .  2A)  which may be ascr ibed  to  the te t rahedra l  con-  
f igurat ion  o f  these an ions  as compared  to  the p lanar  
conf igurat ion  o f  the inh ib i to ry  acetate ,  borate ,  n i t ra te  
and  b icarbonate .  A specif ic in teract ion  o f  phosphate  
and  sul fate wi th  the enzyme is ind icated.  
The  hydro lys i s  o f  ABz -A la -Phe-A la -Phe-X-Va l -Phe-  
Tyr (NOz) -Asp-OH (X = G iu  or  Asp)  in d i f ferent  buf fers  
revea led (Tab le  i )  that  the subst ra te  with X -- G lu  is 
hydrolyamd 3000-5000- t imes  faster  than that  with X = 
Asp  with on ly  l i tt le dependence  o f  this ra t io  on  the 
nature  o f  the buf fe r .  
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Fig. 2, The  inPhtcncc o f  an ions  on  the  hydro lys i s  o f  A Btz-Ala-Phe-Ala+ 
Phe-G lu -Va l -Phe-Tyr (NOz) -Asp-OH by  S. aureaus  st ra in  V8 pro tease  
at pH 7.8. (A)  Ac t ivat ion  by sod ium phosphate  ( , )  and  Na~SO+ (<o). 
(B) Inh ib i t ion by NaC l  (I lL NH,C!  ( , ) ,  ,sodium at,'~qittc (~ !), borate  (,:~), 
NaNO,  (o),  NH4HCO~ (dig) and NaHC'O~ (Q). For  fu r ther  detai ls see 
,~t  ion 2.2. 
To  extend these invest igat ions  to la rger  subst ra tes ,  
the in i t ia l  c leavage o f  the  B-cha in  o f  ox id i zed  insul in 
(G lu~-A la  ~4) in phosphate  and  b icarbonate  buf fer ,  re- 
spect ive ly ,  was fo l lowed by  HPLC at low enzyme con-  
cent ra t ion  (0.001 mg/ml) ,  F rom the peak  area  o f  the 
B-cha in  the amount  c leaved per  minute  was  ca lcu la ted  
and  it was  Iound that  the rate  o f  c leavage was  approx i -  
Tab le  I 
Hydro |ys i s  o f  ABz -A la -Phe-A!a -Phe-X-Va I -Phe-Ty~(NOzFAsp-OH 
where X : G lu  o r  Asp  by S. aureus strain V8  protease in d i f ferent  
buf fers  
~luffcr k~, /K ,  fo r  substrate where X = 
G iu  
k,.. , /K, for  subst ra te  where  X = 
Asp  
50 mM HEi+ES, pH 7.8 3100 
50 mh|  HEPES,  2 M urea. pH 7.8 4100 
0.1 M sodium phosphate,  pH 7.8 4300 
0.1 M ammonium bicarbonate,  5300 
pH 7.8 
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Fill. 3. Digestion of a mixture of oxidized porcine insulin and rK, rcine 
glucagon in sodium phosphate with enryrr,¢ concentrations of 0.00 ]
mg/ml {A) and 0.2 mg/ml (C) or in ammonium bicarbonate with 
eni~ym¢ concentrations ofO.001 ml~jml tel) and 0,2 mg/ml (D). Clea- 
vage of (;lu:~-Ala '* (el-chain) (, 1. Glu::-Ar8 :~" (El-chain) (~,,). Glu ~'- 
As.n I~ (A-chain) (i !L AsPI'-Ser"(OL AsP:"Phe ~': (A) and Asp'-Tyr *¢~ 
(m). 
mate ly  ten - t imes  faster  in phosphate  (0.030 raM/ ra in )  as 
compared  to b icarbonate  (0.0028 raM/ ra in ) .  
To  fu r ther  invest igate  the se lect iv i ty  o f  S.  aureus  
s t ra in  V8 protease  for  G lu -X  bonds ,  pcrformi~, ac id  
ox id ized insu l in  and  g lucagon were d igested in phos -  
phate  and  b icarbonate  buf fe r  at  h igh  and  low enzyme 
concent ra t ions .  Insu l in  conta ins  no  Asl>-X bonds  but  
the fo l low ing  G Iu -X  bonds :  G lu4-G ln  s and  Gluing-Ash Is
in the A -cha in ,  G lu '~-A la  ~" and  Glu:~t-Arg 22 in the B- 
cha in .  G lueagon conta ins  no  G lu -X  bonds  but  the fol lo-  
w ing  Asp-X  bonds :  Asp* -Tyr  t°, Asp l%Scr  t6 and  Asp  2'- 
Phe  22. In  phosphate ,  at low enzyme concent ra t ion  
(0.001 mg/mi ) ,  the G lu '3 -A ia  I* (B -cha in )  bond was  clea- 
rod  very qu ick ly  (F ig .  3A)  whereas  G lu*7-Asn 's CA- 
cha in )  and  G iu2 ' -Arg  "~" (B -cha in )  were c leaved at a 
much lower  rate (F ig.  3A).  Glu ' - (2Hn 5 (A-cha in )  and  
pept ide  bonds  invo lv ing  aspar t i c  ac id  were not  c leaved 
(not  shown) .  In b icarbonate ,  at low enzyme concent ra -  
t ion,  the same pep l ide  bonds  were c leaved but  at lower 
rates (F ig,  3B). 
At  h igh enzyme concent ra t ion  (0.2 ms/ ro lL  the pep-  
t ide bonds  invo lv ing  G lu  were c leaved a lmost  ins tanta -  
neous ly  ext,'ept G lu t -G in  -~ (A -cha in )  which  was c leaved 
s lowly  (data  not  shown) .  The  Asp-X  bonds  were c leaved 
at much lower  rates. In phosphate  buf fer  in the fol lo-  
w ing  decreas ing  order  (F ig .  3C): Asp~S-Ser '~ > Asp-"-  
Phe : :  > Aspg-Tyr  '°. In  b icarbonate  the rates were even 
lower ,  but  the  pat tern  was the same (F ig.  3D).  Thus ,  the 
AsI>-X bonds  are  a lso  c leaved in ammonium b icarbo-  
nate  a l though at  lower  rates than  in sod ium phosphate ,  
but  th is  is a lso  the case for  the G lu -X  bonds .  Conse-  
quent ly ,  the pre ference  for  G lu  over  Asp  is not  signif i -  
cant ly  af fected by the nature  o f  the buf fer  as prev ious ly  
suggested  [2,3]. The  benef ic ia l  effects p rev ious ly  ob-  
served are probab ly  due  to the extens ive  inh ib i t ion  o f  
the enzyme by b icarbonate  which  reduces its ac t ion  to 
the pre fer red  Ght -X  bonds .  
In  conc lus ion ,  the procedures  for  the w idespread  use 
o f  the S. aureus  s t ra in  V8 protease  for generat ing  pep-  
t ides f rom large prote ins  for  amino  acid sequence  stu-  
d ies shou ld  be modi f ied.  C leavage  in ammonium b icar -  
bonate  at  a h igh enzyme- to -subst ra te  rat io  (1:30 w/w) 
shou ld  be abandoned in favour  o f  a much lower  enzyme 
concent ra t ion  in phosphate  buf fer .  
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